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RELATION BETWEEN THE ELECTROMOTIVE FORCE
OF A CLARK CELL AND THE DENSITY OF

THE ZINC SULPHATE SOLUTION.

BY PROFESSOR H. S. CARHART.

It is now well known that there is an inverse relation between
the E. M. F. of a Clark cell and the density of the solution of zinc
sulphate; that is, an increase in the density of the solution is ac-
companied by a decrease in the E. M. F. of the cell. This relation
for the Daniell cell I investigated ten years ago.' A similar in-
vestigation for the Clark cell was recently undertaken at my
suggestioni by two students in my laboratory, Mr. T. E. Barnum
and Mr. E. A. Cheney. They have also undertaken to determine
whether the teinperatnire coefficient changes with a change in the
denisity of the solution, provided there are no crystals of zine sul-
phate present.
The importance of this investigation is connected with the fact

that the temperature coefficient of the Clark cell containing zinc
sulphate crystals is almost exactly double the value exhibited by
cells containing no crystals. Lord Rayleiglh's value is 0.00077 at
15° C.;2 Dr. Flerning found 0.00082 for cells with crystals. My
owrn cells, containing no crystals, have a coefficient of 0.000386
per degree C. at 150.3 Dr. Kalhle in Berlin has obtained a valtue
almost idenitical witlh that of Lord Rayleigh for cells containing
zinc sulphate crystals. Half of this so-called temperature coeffi-
cienit is due to the dissolving of the crystals with rise of temper-
ature, or conversely to recrystallization when the temperature falls.
A large change in the E. M. F. of a standard cell with change of tem-

1. American Journal of Science, Vol. xxviii., Nov., 1884.
2. Phil. Trans. Royal Soc., Part ii., 1885.
3. American Journal of Science, Vol. xxxviii., Nov., 1889.
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perature is clearly a disadvantage, especially bccause of the diffi-
culty of ascertaining the temperature with exactness. Another
incidental but important disadvantage, due to the presence of the
crystals, is the slowness with which the cells reach their equilibri-
um after change of temperature. Time for diffusion must be
allowed before the cell assumes a valuie corresponding to its new
temperature. Hence such cells exhibit a time lag, sometimes
amounting to several days, and differing for different cells. Such
considerations as these led ine to mnake a cell withont zinc sulphate
crystals. It is then important to know what variations in E. Mb F.
will follow any departures from the density of the zinc sulphate
solution adopted as the "normal" solution; in other words, what
decrements in the E. M. F. of the cell correspond to given incre-
ments in the density of the zin'c sulphate solution.
A series of twenty-four cells, two for each density of solution,

were made, and their E. M. F. at one temperature was determined
by comparison with a Clark cell containing crystals and kept very
near 156(C. The E. M. F. of this comparison cell was assumed to
be 1.435 volts at 16 .

Table I shows the results of suich a comparison.

TABLE I.

Per cent. of Density of Resistance Electro- Comparison Cell.
Zn S 04 solution to motive
in solution. at 20' C. balance. force. Resistance. fempera-

ture.

5 I.036 9728 I.4850 9400 I50
10 I.o62 9683 1.4777 9404 14.7
15 i.oog6 9645 1.4724 9400 25
20 I.I3I 962 I I1.4686 9400 I25
25 I.I64 9595 I.4647 9400 r5
30 It.2o6 9,566 *.4605 9400 15
35 I.249 9543 1.4567 9400 25
40 2.293 9525 1.4540 9400 I5
45 x-343 9506 24488 94I5 25
S5 I.383 9459 1-4444 9400 25

Saturated
at

ted

C. 1.417 9453 1-4398 9423 24.5
Saturated
at 20° C. 1.429 9420 1.4380 9400 25

The cornparisons were all made by the potentiometer method,
and the "resistance to balance" in each case was the resistance
between the points of derivation of the derived circuit, the main
circuit having a constant resistance of 10,000 ohms.

Plotting the electromotive forces of the table as ordinates and
the corresponding densities as abscissfe, the culrve of the diagram
was obtained. The minimum rate of chainge of E. M. F. occurs
with a density of about 1.265.
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The further question of temnperature coefficient was investi-
gated by determining it for each cell. For this purpose the cells
were placed in large test-tubes which were in turn immmersed in a

water-bath kept at the desired temperature.
Table II. gives the data for the five per cent. cell.

TABLE II.

1.4850

1.4550 -_
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RELATION BETWEEN E. M. F. AND DENSITY.

If these temperatures and electromotive forces are plotted as

coord inates the resulting curve, exhibiting the relation between
them, does not differ sensibly from a straight line. We may

therefore write
Et-=E15 [ -a (t -15)]

as the formula connecting E. M. F. and temperature. The value
for a which satisfies the observations of the table is 0.00039.

Table III. contains the data for the coefficient of the 10 per

cent. cell.

Comparison Cell. Five per cent. Cell.

Temperature. Resistance. Temperature. Resistance. E. M. F.

I4.50 9414 15.10 9740 1.4850
I15.5 9413 I6.6 9737 1.4840

... . ..... 17.3 9730 1.4837
14.7 94 1 18.4 9726 1.4831

.. .. . , 4...... 20.0 9720 1.4822
14.7 94I2 21.2 97i6 1.4815
...... ...... 22.0 9713 1.4810
14.7 9412 23.0 9711 3.4806

.... ,,,,24.0 9706 1.4800
14.7 94I2 26 o 9697 1.4787

29.0 9687 1.4771

r- r- :_ r- r-
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DISCUSSION.

TABLE III.

Comparison Cell. Ten per cent. Cell.

Temperature Resistance. Temperature. Resistance. E. M. F.

I4.7'. 9404 1500 9683 1 4777
14.5 9405 I6.o 9680 I.4772
25-5 9406 17.8 9677 1.4760
15.3 9404 19-4 9672 I*4756
24.9 9405 20.6 9665 I2*4747
I5.0 9406 2I.6 9663 X,4742
14.8 9406 23.2 9657 14734
14-9 94o8 24.2 9655 I-4727
14.9 9408 26.x 9647 x .4715
15.0 9407 27.5 9643 1.4710
I5.0 9407 29.6 9637 1.4700

These observations give a slightly sinaller value of a than those
on the 5 per cent. cell.
Each cell was tested in a similar nariner, and the variation from

a temperature coefficient of 0.00039 was small and probably
within the errors of observation of the experimenters. It
appears probable then, that the temnperature coefficient of Clark
cells not containing crystals is independent of the density of the
zinc sulphate solution, and is only half that belonging to cells with
zinc sulphate crystals in excess.

DISCUSSION.
THE CHAIRMAN [Vice-President Lockwood]: Each one of us

who bas performed electrical measurements must have been con-
siderably chagrined to note the discrepancies resulting where no
discrepancy should exist,in operating Standard Cells and apparatus
worked by them; and any informrlation which we and the world
at large can get which will tend to nmake the Standard Cell any-
thing less of a Standard Sell than it often is, must unquestionably
be of great value.
MR. WILLYOUNG: Mr. Chairman, I think Professor Carhart

has not stated the case with entire fairness to himself. A great
many very thorough tests have been made on those cells, and I
think the maximum inaccuracy obtained for some time past has
been only about four parts in ten thousand, while a number of
cells that have recently been tested at Johns Hopkins', show an
actuial variation of only two parts in ten thousand; so that the cell
is really, I think, much more accurate than Professor Carhart has
claimed it to be,
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